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. APPARATUS AND METHOD OF CONVERTING IMAGE SIGNAL FOR 
FOUR COLOR DISPLAY DEVICE 

[Technical Field] 

The present invention relates to an apparatus and a mettiod of 
5 converting image signals for a four color display device. 

(Background Art] 

In recent, flat panel displays have been developed widely such as 
organic electroliuninescence displays ("OLEDs")/ plasma display panels 
("PDPs") and Uquid crystal displays ("LCDs") instead of heavy and large 
10 cathode ray tubes ("CRTs"). 

The PDPs are devices which display characters or images using plasma 
generated by gas-discharge, and the OLEDs are devices which display characters 
or images using elechic field light-emitting of specific organics or high molecules. 
The LCDs are devices which display desired images by applying electric field to 
15 liquid crystal layer between two panels and regulate the strength of the electric 
field to adjvist the transmittance of light passing through the Uquid crystal layer. 

Although the flat panel displays usually display colors using three 
primary colors such as red, green and blue, recently, especially in case of LCDs, 
for increasing the Ituninance, a white pbcel (or a transparent pixel) is added to the 
20 three color pbcels, which is called four color flat panel displays. The torn color 
flat panel displays display images after converting inputted tiuree color image 
signals are into four color image signals. 

In algorithm converting the three color image signals into the four color 
image signals, a white scaling factor (w) which is the ratio of a maximiun 
25 Ituninance of a white pixel to a sum of maximum liunirumces of red, green, and 
blue pixels is used. 

Lxuninance of the three color pwels for the red, green and blue pbcels 
and the white pixel is generally varied based on pixel arrangements, pixel 
configurations, and manufachuing processes etc. of liqmd crystal (LC) panel 
30 assembly and the white scaling factor also varied based on the lumiiunce. 
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Since the algorithm converting the three color image signals into the 
four color image signals is stored in an ASIC (appUcation specific integrated 
circuit) mounted on the LC panel assembly etc., the value of the white scaling 
factor is actuaUy varied by variation of operation characteristics of the LC panel 
assembly or pbcel characteristics. However, the value of the white scaling factor 
used in the algorithm is not changed. That is, when the value of the white scaling 
factor is varied, unless a new algorithm stored the varied value of the white 
scaling factor is stored in the ASCIC and the ASCIC is mounted on the LC panel 
assembly, the algorithm does not convert the three color image signals into the 
four color image signals by using the new white scaling factor with the varied 
value. In result, the four color image signal conversion is not carried by using the 
white scaling factor suitable for the operation characteristics of the LC panel 
assembly or the pbcel characteristics. 
tDisclosure] 
[Technical Probleml 

The object of the present invention is to convert three color image 
signals into four color image signals by using a white scaling factor with a value 
corresponding to characteristics of an LC panel assembly without variation of 
algorithm. 

■nie other object of the present invention is to improve image quality of 
a display device by converting three color image signals into four color image 
signals suitably to characteristics of an LC panel assembly. 
[Technical Solution] 

The object of the present invention is to convert three color image 
signals into four color image signals by using a white scaling factor with a value 
corresponding to characteristics of an LC panel assembly without variation of 
algorititm. 

The other object of the present invention is to improve image quaUty of 
a display device by converting three color image signals into four color image 
signals suitably to characteristics of an LC panel assembly. 
[Technical Solution] 



2 



PCT/KR2005/000030 

WO 2005/066700 



An apparatus of converting three color image signals into four color 
image signals having a white signal is provided, which includes: a storing unit 
storing a plurality of white scaling factors; and a signal converting unit selecting 
a corresponding white scaling factor of the white scaling factors stored in the 
storing unit based on a white scaling signal from an external, converting fixe 
three color image signals into the four color image signals based on the selected 
white scaling factor and outputting the converted four color image signals. 

The apparatus may hirther includes a digamma processing unit 
digamma processing the three color image signals and applyii^g to the signal 
converting unit; and a gamma processing unit gamma processing the four color 
image signals from the signal converting unit. 

The storing imit may be a lookup table. 

In addition, the signal converting unit may extract a maximum value 
and a minimum value of the three color image signals, determine that the three 
image color signals are included in a fixed scaling area or a variable scaling area 
based on the maximum value and the minimum value, calculate a increasing 
ratio based on a fixed scaling factor when the three color image signals are 
included in the fixed scaling area, calculate the increasing ratio based on the 
niaximum value, the minimum value, and the selected white scaling factor when 
the three color image signals are included in the variable scaling area, and 
convert the three color image signals into the four color image signals depending 
on the calculated increasing ratio and the three color image signals. 

The fixed scaling factor may be to add "1" to the selected white scaling 
factor. Meanwhile, the white scaling factors may have values between 0.8 and 
0.9, and each of scaling factors may have a value divided equally by eight 
between 0.8 and 0.9. The white scaling factors may be eight whites scaling 
factors. 

A metiiod of converting three color image signals into four color image 
signals having a white signal is provided, which includes: extracting a maximum 
value and a minimum value of the three color image signals; reading a white 
scaling signal from an external; selecting a corresponding white scaling factor of 
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the white scaling factors based on the read white scaling signal; determining that 
the three image color signals are included in a fixed scaling area or a variable 
scaling area based on the maximum value and the minimum value; calculating a 
irxcreasing ratio depending on a fixed scaling factor based on the selected white 
scaling factor when the three color image signals are included in the fixed scahng 
area- calculating the increasing ratio based on the maximum value, the minimum 
value and the selected white scaling factor when the three color image signals 
are included in the variable scaling area; and converting the three color image 
signals into the four color image signals depending on the calculated increasmg 
ratio and the three color image signals. 

The method may further include: digamma processing the three color 
image signals; and gamma processing the converted four color image signals. 

The conversion to four color image signals may include calculating first 
conversion image signals by multiplying the increasing ratio to the three color 
image signals; calculating a minimum value of the first conversion image signals; 
calculating a compensation value by dividing a value multipUed the selected 
white scaling factor to the minimum value into the scaling factor; calculatmg 
resultant three color image signals by subtracting the compensation firom the fit^t 
conversion image signals; and calculating the white signal by dividing the 
compensation into the selected white scaling factor. 
lAdvanlageous Effectsl 

By the present invention, in converting the three color image signals 
into the four color image signals, a white scaling factor of a pluraUty of white 
scaling factors ready stored in an internal memory is selected. At this tune, the 
selected white scaling factor has a value equal to or a value most proximate a 
value of a white scaling factor corresponding to characteristics of the really 
employed LCD. Ihus, since the conversion to the four color image signals is 
carried by using die white scaling factor suitable for the characteristics of the 
LCD, the operation accuracy of the LCD is improved. In addition, since the 
conversion to the four color image signals is carried by using the white scaling 
factor suitable for the characteristics of the LCD without change of an IC stored 
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algorithm for converHng into *e four color image signals, the operadon accuracy 
of the LCD is improved wiftoul increase of manufacturing cost Moreover, smce 
a,e omverslon to the four color image signals is carri«l by using the wh.te 
scaling factor suitable lor the Aarac^tics of the image quality of the 
LCD increases. 
iDescription of Drawingsl 

The present invention wiU become more apparent by describing 
embodiments thereof in detaU with reference to the accompanying drawing in 
which: 

Fig. 1 is a block diagram of an LCD according to an embodiment of the 

present invention; 

Fig. 2 is an equivalent circuit diagram of a sub-pbcel of an LCD 
according to an embodiment of the present invention; 

Fig. 3 is a block diagram of a data processor of a signal controller 
according to an embodiment of the present invention; 

Fig 4 is a graph for illustrating a method for converting three color 
toage signals into four color image signals according to an embodiment of the 

present invention; and 

Fig 5 is an exemplary flow chart for showing an operation of fte data 
processor of the signal controUer according to an embodiment of *e present 
invention. 
IBest Model 

The present invenHon now wiU be described more fully hereinafter w.th 
„ference to ^ accompanying drawings, in which preferred embodiments of the 
invention are shown. TOs invenHon may, however, be embodied in many 
different forms and should not be construed as limited to the embodiments set 
forth herein. Uke numerals refer to like elements throughout. 

In the drawings, *e thickness of layers and regions are exaggerated for 
clarity Uke numerals refer «> like elements throughout. It will be understood 
that when an element such as a layer, .egion or substrate is referred to as being 
"on" another element, it can be directly on the other element or intervening 
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eUments may abo be present. In contrast, when an element is «ferred to as 
being-diiectly on" another element, there are no intervening elements present. 

Then, apparatuses and methods of converting image signals for four 
color display devices according to embodiments of the present invention will be 
described with reference to the accompanying drawings. 

Fig 1 is a block dUgram of an LCD according to an embodiment of ttie 
present invention, and Fig. 2 is an equivalent circuit diagram of a sub-pixel of an 
LCD according to an embodiment of the present invention; 

Referring to Fig. 1, an LCD according to an enibodiment includes an LC 
panel assembly 300, a gate driver 400 and a data driver 500 that are connected «, 
me LC panel assembly 300, a gray signal generator 800 connected to the data 
driver 500, and a signal controller 600 controlling the above elements, the srgnal 
controller 600 includes a data processor 650. 

The LC panel assembly 300 includes a lower panel 100, an upper panel 
200 and an LC layer 3 interposed therebetween while it includes, in a circuital 
view, a plurality of display signal lines G,^„ and D.-D„ and a pluraUty of sub- 
pixels connected thereto and arranged substantially in a matrix. 

The display signal lines GrC and D,-D„ are provided on the lower 
panel 100 and include a pluraUty of gate lines G,-G„ transmitting gate signals 
(also referred to as "scanning signals"), and a pluraUty of data Unes D,-D„ 
^^.ting data signals. The gate Unes G,.G„ extend substanHaUy in a r^w 
direcHon and mey are substantiaUyparallelto each other, while the data Unes D,- 

D„ extend substantiaUy in a column direction and they are substantiaUy parallel 
to each other. 

Each pixel includes a switching element Q connected to *e srgnal Unes 
G,-G„ and D,-D^ and an LC capacitor Cc and a storage capacitor Csr that are 
,:<„^ ,„ *e switching elem^t Q. If um«essary, the storage capacitor Csr 
may be omitted. 

The switching element Q is provided on the lower panel 100 and has 
three terminals: a control terminal connected to one of the gate lines G.-G„; an 
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input terminal connected to one of the data lines D,-D^ and an output tennmal 
connected to both the LC capacitor Cu: and Ihe storage capacitor Csr. 

Tbe LC capadlor Cu: includes a pixel electrode 190 provided on the 
lower panel 100 and a common electrode 270 provided on &e upper panel 200 as 
two terminals, "me LC layer 3 disposed between fte two electrodes 190 and 270 
functions as dielectric of the LC capacitor C. Tbe pixel electmde 190 « 
connected to *e switching element Q. and the common electrode 270 « 
connected to the common voltage Vcom and covers entire surface of the upper 
panel 200. Unlike Kg. 2, the common electmde 270 may be provided on the 
lower panel 100, and both electrodes 190 and 270 may have shapes of bars or 
Stripes. 

The storage capacitor Csr is an auxiliary capacitor for the LC capaator 
C The storage capacitor includes the pixel electrode 190 and a separate 
signal line (not shown), which is provided on the lower panel 100, overlaps the 
pixel electrode 190 via an insulator, and is suppUed with a predetermined 
voltage such as the common voltage Vcom. AltemaHvely, the storage capacitor 
Or includes flte pbcel electrode 190 and an adjacent gate line called a p«vKn« 
gate line, which overlaps the pixel electrode 190 via an insulator. 

For color display, each pixel can represent its own color by providing 
one of a plurality of red, green, blue color filters and transparent faters 230 in an 
area corresponding to the pixel electrode 190. The color filter 230 shown in Fig.2 

is provided on fte upper panel 200. However, the color filters 230 may be 
disposed on or under the pixel electrode 190 of *e lower panel 100. 

A polarizer or polarizers (not shown) are attached to at least one of the 

panels 100 and 200. 

Tl,e gray voltage generator 800 generates two sets of a pluraUty of gray 
voltages related to *e transmittance of the pixels. The gray voltages in one set 
have a positive polarity with respect to the common voltage Vcom, while those m 
the other set have a negative polarity with respect to the common voltage Vcom. 

The gate driver 400 is connected to the gate lines GrG, of *e panel 
assembly 300 and synthesizes the gate-on voltage Von and fte gate off voltage 
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Voff torn an external devl« to generate gate signals for application to Ihe gale 

lines Gi-Gn. , , , 

Tl,e data driver 500 is connected to the data lines D,-n. of ttie panel 

assembly 300 and appUes data voltages, selected from the gray voltages supplied 

from the gray voltage generator 800. to tt.e data lines D.-D„ and is a plnraUty of 

integrated circuits (ICs). 

The signal controUer 600 controls the drivers 400 and 500, etc. and 

includes the data processor 610. 

Now, the operation of (helCDwfflbe described in detaU. 
■n,e signal controller 600 is supplied with three color input image 
signals R, G and B of red, green and blue colors and input control signals 
contxolhng the display thereof such as a v.rttcal synchronization signal Vsync, a 
horizontal synduonizaHon signal Hsync, a main clock MCUC, and a data enable 
signal DE. from an external graphics controller (not shown). After generatmg 
gate control signals CONTl and data control signals CONR and processing and 
modifying the three color input image signals R. G and B into four color image 
signals R' G', B' and W suitable for flte operation of the panel assembly 300 on 
the basis of the input control signals and the input image signals R. G and B. the 
Signal controUer 600 provides the gate control signals CONTl for the gate driver 
400 and *e processed and modified image signals R', G'. B', and W and the 
dat'a control signals COKH for me data driver 500. Here, the data processor 610 
included in the signal controUer 600 functions to convert the three color input 
image signals R, G and B into the four color image signals R', G', B' and W and 
the operation of the data processor 610 will be described in detaU later. 

The gate control signals CONTl include a vertical synchronization start 
signal STV for indicating the output start of the gate-on pulse (gate-on voltage 
period), a gate clock signal CPV for controUing the output time of the gate-on 
voltage and an output enable signal OE for defining the duration of the 
voltage Von. 

•n,e data control signals CONT2 include a horizontal syrxchromzation 
start signal STH for indicating the input start of the image signals R', G', B' and 
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W, a load Signal LOAD for instructing to apply the data voltages to the data 
linls DrD^ an inversion control signal RVS for reversing the polarity of the data 
voltages (with respect to the common voltage Vc^l and a data clock signal 
HCLK. 

The data driver 500 receives a packet of the image data R', G', B' and W 
for a pixel row from the signal controUer 600 and converts the image data R', G', 
B' and W into analog data voltages selected from the gray voltages suppUed 
from the gray voltage generator 800 in response to the data control signals 
CONT2 from the signal controller 600. Thereafter, the data driver 500 appUes the 
data voltages to the data lines Di-Dm- 

Responsive to the gate control signals CONTl fK,m the signal controller 
600, the gate driver 400 appUes the gate-on voltage Von to the gate line Gi-G„, 
thereby turning on the switching elements Q connected thereto. The data 
voltages appUed to the data lines D.-D. are suppUed to the sub-pixels through 
the activated switching elements Q. 

The difference between the data voltage and the common voltage Vcom 
is represented as a voltage across the LC capacitor Cu:. i-e., a pixel voltage. Ihe 
LC molecules in the LC capacitor Clc have orientations depending on the 
magnitixde of the pixel voltage, and the molecular orientations determine the 
polarization of Ught passing through the LC layer 3. Hxe polarizer(s) converts 
the Ught polarization into the Ught transmittance. 

By repeating this procedtire by a unit of the horizontal period (which is 
indicated by IH and equal to one period of the horizontal synchronization signal 
Hsync, the data enable signal DE, and the gate clock signal CPV), all gate Unes 
GrGn are sequentiaUy suppUed with the gate-on voltage Von during a frame, 
thereby applying the data voltages to aU pixels. When the next frame starts after 
finishing one frame, the inversion control signal RVS appUed to the data driver 
500 is controlled such that the polarity of the data voltages is reversed (which is 
caUed "frame inversioh"). The inversion control signal RVS may be also 
controlled such that the polarity of the data voltages flowing in a data Une in one 
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tr^ a« reveled (e.g., colunm inversion), or tt.e polarity of fte daU volUges 
appUed to a pixel row are reversed (e.g., dot inversion). 

Next an image signal conversion method of the U:D according to 
embodiments of the present invention wiU be described in detaU in reference 

with the Figs. 3 to 5. 

Fig 3 is a block diagram of a conversion apparatus of the image signals 
that is, the data process shown in Fig. 1, according to the embodiment of the 
p„«en. invention. Fig. 4 is a graph for explaining a method for converting the 
three color image signals into the four color image signals according to the 
embodiment of the present invention; and Fig. 5 is a flow chart of the data 
processor 650 shown in Fig. 3 ac»rding to me embodiment of the pr^t 
invention. 

Referring to Fig. 3, the data processor 650 includes a digamma processor 

651 Signal converter 652 connected to the digamma processor 651, and a gamma 
processor653com«ct«ltolhesignalconverter652andthedatadriver500. 

TKe predetermined number of white scaling factors w is abeady stored 
in a storage device such as a lookup table 660 or a memory in the signal converter 

652 according to the presentinvendonTlie number or range of the white scahng 

factor w stored in the signal converter 652 is defined in consideration of storage 
capacity, the number of bit of signals, construcdon or arrangement of pixels, or 
characteristics of manufacturing processes. An example stored in the signa^ 
converter 652 according to the embodiment of the present invenHon is iUustrated 
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[Table I] 




Value of the white scaling factor 1 


Value of input signals 


0.8 


000 


0.814 


001 


0.828 


010 


0.842 


Oil 


0.857 


100 


0.871 


101 
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0.885 


1 


0.9 


111 1 



AS shown in [Table 11, *e range of *e value of the white scaling factor 
„ is. for example, between 0.8 and 0.9. and white scaling factors w that are 
divided equaUy into eight therebetween are already stored in the lool^p table 
660 of file signal converter 652. 

A user calculates total luminance when luminance of the three color 
pixels arranged on theLC panel assembly 300 is the maximum, re^ctively and 
toUX luminance of the white pixel by the three color image signals R, G and B 
appUed from the external and calculates the white scaling factor w with respect 
J the LC panel assembly 300 actuaUy employed. Tl«t is, the white scahng 
factor w ! (the maximum luminance of toe white pixel)/(the maximum 
of the RGB pixels). When the calculated white scaling factor w 
coincides with one of the stored white scatog factors w in me lookup table 660. 
tt.e user outputsasignalcorresponding to the coincided wMtescalingfact^asa 

whitescaling signal to the signal conver.er652. 

white scaling factor w does not coincide with one of the stored whr,^ scahng 
factors w in me lookup table 660, me user outputs a signal correspondmg to a 
white scaling factor wi* a value most approximate to a value of me c^^^ 
whiH= scaling factor w as a white scaling signal to me signal converter 652. Fo 
example, whenavalue of me calculated wMtescaUng factor is 0.812 mat.n. 

me [table H. "001" corresponding to 0,814. approximate value of me om >s 
appUed to me signal converter 652 as a white scaling signal. In me embodm^t 
of me present invention, me white scaling signal is 3 bits, but me number of the 
white scaling signal may be varied not limited in me numerical value and me 
r.umber of me whitescaling factor stored in me lookup table 660 mayalsovaned 
After me valueof me white scaling factorwcorresponding to mecharacterishc of 
^ VC panel assembly 300 actually employed or an approximate value mereto .s 
appUed to me si^al converter 650 of me signal controUer 600. me signal 
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conttoUer 600 convert fce three color ta«ge signrfs R, G and B into the four 
color image signals R', G", B' and W. 

A basic principle of converting the fluee color image signals R, G and B 
■ v^.i.B- r' B' and W according to an embodiment of 

into the four color image signals R , t. , B ana w accoiu s 

the present invention wiU be deschbed in detail with reference to Fig. 4. 

In a graph of Fig. 4 of which the horizontal axis and flie vertical axis 
represent luminance, a set of input image signab including a red input signal R, 
a green input signal G, and a blue input signal B and le, Min (R, G, B) and Max 
(R G B) be normalized luminances represented by the image signals havmg the 
lowest gray and the highest gray (referred to as "minimum image signal," and 
"minimum image signal" respectively, hereinafter), respectively and variation 
value of them are indicated. For descriptive convenience, the minimum image 
signal, the minimum image signal, and the luminance, the gmy a« used to 
indicate the same meaning, fte (R, G, B) maybe omitted. 

Any set of three color input image signals is represented as a pomt m a 
square area having vertices (0, 0), (Mo, 0), (Mo, 1), and (0, Mo) (refer«d to as 
"three color space" he«inafter). Assuming that the ratio of a maximum 
luminance of a white pixel to a sum of maximum luminances of red, green, and 
blue pixels is equal to w, the sum of the maximum luminances of the red, green, 
blue, and white pbcels is equal to (l^w). Ti^ conversion principle is based on this 
fact A primary rule is that a point CI representing a set of three color image 
signals ismapped into. point C2 disposed inasuraight line connecting the point 

CI and tiie origin (0, 0) and having a distant from the origin (0, C) (l.w) times a 
distance of the point CI from the origin (0, 0). According^, a point (Min (R, G, B), 
Max (R G, B)) is mapped into a point ((Uw) Min (R, G, B), (1+w) Max (R, G, B)), 
and in this case, the multipUer (Uw) is referred to as a scaling factor. However, 
the luminance for a pure color such as red. green and blue cannot be increased by 
me addition of the white pixel, and an increment of the luminance is lower as the 
color is closer to a pure color. For example, as shown in Fig. 4, a pomt El 
representing a set of three color image signals is mapped into a point E2 if tiie 
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above^«cribed primary rule is appUed thereto as it is. However, the pomt E2 
represer>t8 a color that cannot be displayed by the four color display. 

Regulating this, colors represented by fce points in a hexagonal area 
having vertices (0, 0). (Mo. 0), IMo(Uw), Mo-w], [Mo(Uw), Mo(Uw)l. (Mo"w, 
Mo(Uw)l. and (0, Mo) can be displayed by a four color display, while colors 
represented by the points in a hatched triangular area having vertices (Mo, 0), 
[Mo(Uw), 01, lMo(Uw), and M-w] and a triangular area having vertices (0, Mo), 
10 Mo{l*w)l, and IMo*w, Mo(l.w)l carmot be displayed by the four color 
dteplay. He^inafter, the he=<agonal area defined by (0, 0). (Mo, 0), lMo(Uw), 
0 Mo-wl, IMo(Uw), Mo(l*w)l (Mo-w, Mo(Uw)l, and (0, Mo) is referred to 
as "reproducible area" and me hatched triangular area defined by the points (Mo, 
0) lMo{l.w), 01, tMo(l.w), and M^l and the hatched triangular area defined 
by the points (0, Mo), [0, Mo(Uw)l, and [Mo^v, Mo(l*w)l are referred to 
as "irreproducible area." 
,5 Therefore, points -napped into those in the irreproducible area are 

subjected ^^asecondary mapping thatn^ps the points in the irreproducible area 

into the reproducible area. 

First, it is noted that the points representing any set of input image 
signals and meir mapping points are always located at on or over a line y=x 
20 shown in Fig. 4 since the horizonul axis represents Ihe minimum image srgnal 
and the vertical axis represents the maximum image signal. 

The increasing mapping of any points under a line 31 connecting the 
origin (0, 0) and fte point I{Mo-w, Mo(Uw)l yields a point located in the 
reproducible area. Therefore, *e points in such an area are subjected to only a 
25 primary mapping with the above<lescribed scaling factor of (Uw), and this area 
is called a fixed scaling area. The line 31 is expressed as y = l(Uw)/wlx, and 
thus, the points (x, y) in the fixed scaling area meets y < (l+w)x/w. 
(l+w)/w < Max/Min 

On the contrary, points satisfying (l..w)/w > Max/Min are increasingly 
30 mappedintopointsinthereprodudbleareaortheirreprodudblearea. Indetad, 
i, a point is increasingly mapped into (Uw) increasingly mapped points 
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disposed underastraigh.liney = x. MO, which isaboundary line between 

reproducible area and the irreprodudble area, lhal is, 

(l+w)(Min-Max)<l, 
If the (2) condition is met, the increasingly mapped points are located in the 
reducible area, and, otherwise, if the (2) condition is not meet, .he 
ir^reasingly mapped points are located in the irreproducible area. 

Accordingly, a resultant mapping of the points satisfying (l+w)/w > 
Max/Min is detennined to have a scaling factor smaller than (Uw) and 
depending on the input image signals. Thus, tWs area is referred to as a variable 

scaling area. . , t, 

Accordingly, the conversion from the three color image signals R, G 
andB the four color in.gesisnalsR^ GOB' and W' is definedby determining an 

area in which the three color image signals R, G and B is included. 

Next based on the basic principle, the conversion operation to the four 
color image signals will be described in detaU with reference to Fig. 5. 

-n^e three color image signals R, G and B are suppUed to the digamma 
processor 651) of the data processor 650 of the signal controller 600 (S19) and 

digamma converted (Sll) . 

The image signals R G and B from the external have a gamma curve 
luminance with respect to each gray nonlinearly increases. Thus, for 
conversion to the four color image signals, the image signals R, G and B are 
converted, thereby the luminance with respect to each gray linearly increases. 
Accordingly, the digamma processor 651 digamma converts the three image 
Signals R, G and B by adding a gamma hmction of luminance for each gray of 
the image signals R, G and B to an inverse hmction of the gamma hmction, and 
applies the digamma converted three image signals to the signal converter 652. 

■n^ signal convener 652 selects the maximum value (Max) and the 
rrunim^n value (Min) by comparing magnih.de (or gray) of the digamma 
converted three image signals and defines the maximum value (Max) as Ml and 
the minimum value (Min) as M2, respectively (S12). Next, the signal converter 
552 determines that the digamma converted three image signals are included m 
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fl>e fixed scaling a«a or *e variable scaling area (S13). At flus Ume, based on 
Equatton (2), when the dlgannna converted inu.ge signals meet (l.w)/w 
<M1/M2, the signal converter 652 determines that the digamma converted 
i^ge signals are included in the fixed scaBng area. Otherwise when the 
aiglna converted image signals do no. me« (l.w)/w <M1/M2, the s.^al 
converter 652 deh^rmine, the digamma converted image signals are included m 
the variable scaling area. 

At fl^is time, for determining a value of the white scaling factor w used 
in Equation (2), the signal converter 652 reads a value of white scaUng factor 
applied from the external and having a predetermined bit, for example 3 brts 
L searches a value of white scaling factor corresponding U> ihe read value m 
lookup table 660. In result, the value of white scaling factor is defined by a 
white scaling signal from the external. ^ „ j 

When the toee image color signals R, G and B are included m fte fixed 
scaling area, the signal converter 652 defines the scaling factor. i.e.. (Uw) as 
increasing ratioSKSU). However, when the three image color signalsRGand 

B are included in the variable scaling area, the signal converter 652 defines a 
value calculated by Ml/[(Ml-M2)-wl as Ihe increasing rado SI. Here, the 
increasing ratio SI is a variable for increasingly mapping. 

Next, ate signal converter 652 mulHpUes the calculated increasing raho 
SI to the gamma converted three color image signals R, G and B and calculates 
the first converted three color image signals Rl. Gl and Bl. The signal 
converter 652 calculates a minimum value M3 of the three color image signals 
Rl Gl and Bl (SIT) and calculates a compensaUon value Wl for obtaining 
reJultant four color image signals R',G',B'andW'by using Equation (3) below 

(3) 

Wl=(M3*w)/(l+w) ^ 

Successively, the signal converter 652 calculates the resultant four color 

image signals R, G', B' and W by using Equation (4) adopted the compensatron 

value Wl and appBes it to ttie gamma processor 653. 
(R',G',B') = (R1.G1.B1>W1 
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(4) 

le'Iala processor 653 ganuna convert *e resultant four color 
, R r- B- and W Hius, luminance variation with respect to each 
:rorCal"con:l.ourcolor^.si.na.K.C^B.anaW.^ 
™^curvesuitablefortheoperationcharac,eristicsof.heirD 

Although preferred e.r^,odin,en.s of the present invenhon have heen 
described in detail hereinabove, i, should be clearly understood that many 
variaaons and/or modiflcaHons of the basic invenUve concepts herem taugh 
:rrnayappeartothoses^edinthepresentar.willstinfaUwi.hinthesp.t 

and scope of the present invention, as defined in the appendedd^ms. 
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